The structure of [Pd(NH 3 groups by hydrogen bonds. Hydrogen atoms could not be located.
Introduction
Investigations of the Pd-Cr-O ammine system by Borgna, Moraweck and Fessler (1989) by EXAFS at both K edges of Pd and Cr, it was concluded that the surrounding of these atoms was retained during formation. A triclinic cell that should be considered as preliminary was
proposed from tentative indexing of powder diffraction data. More recently, another compound containing simultaneously palladium and chromium, Pd(NH 3 ) 4 (CrO 4 ), was reported (Laligant, 1993a) showing isolated CrO 4 tetrahedra. The structure determination of the latter compound was performed from single crystal diffraction data. To solve the structure of the palladium tetrammine dichromate, we had no other choice than to make use of the recent developments in ab initio structure determination from powder diffraction data (Cheetham & Wilkinson, 1991 . The study was successful from conventional X-rays, and the results are presented here.
Experimental
[Pd(NH 3 ) 4 ]Cr 2 O 7 was prepared following the general procedure given by Borgna et al. (1989) . Palladium tetrammine chloride Pd(NH 3 ) 4 Cl 2 (Alfa -Johnson Matthey -Specpure) and ammonium dichromate (NH 4 ) 2 Cr 2 O 7 (Prolabo -R.P.) were dissolved in distilled water (respectively 0.4908 g in 10 ml and 0.5041 g in 20 ml). The latter solution was added to the former very slowly with stirring (room temperature). A solid microcrystalline yellow-orange product precipitated. It was washed with distilled water and air dried at 80°C for two days.
The powder diffraction pattern was collected on a Siemens D501 diffractometer (CuK α ; graphite diffracted beam monochromator ; 36KV, 28mA ; receiving slit : 0.05° ; angular range :10-120°(2θ) ; counting time : 42 sec by steps of 0.02°(2θ) ; T = 25 ± 1°C ; no sample rotation). Preferred orientation effects were considerable and almost unavoidable, even by using the McMurdie et al. (1986) sample holder with vertical loading. We used a method which consists in dusting the holder surface through a 63 µm sieve (the microcrystals size is much more smaller but they tend to form brittle agregates that we preferred not to mill). In this way, the preferred orientation was at its minimum, but the granulated surface had bad effects on the reflection line-widths. A compromise was obtained after one final very slight pressure on the sample by using the small celluloid card kindly offered by ICDD as "aide-mémoire" for X-Ray analysis. The X-ray powder diffractogram was confirmed as corresponding to
[Pd(NH 3 ) 4 ]Cr 2 O 7 (JCPDS (quasi-) identical files n°39-1422 and 40-1486).
Data Analysis
The reflection positions were estimated by means of the program EVA (available in the Socabim PC software package DIFFRAC-AT supplied by Siemens ; derivative method) after stripping α 2 . Auto-indexing was performed by using the program TREOR (Werner, Eriksson and Westdhal, 1985) applied to the first 20 detected lines. The most probable solution was monoclinic and characterized by the conventional figures of merit M 20 = 31 and F 20 = 51 (0.0077, 48) (De Wolff, 1968 ; Smith and Snyder, 1979) . Extinction conditions were unambiguously compatible with the P2 1 /c space group. This result was in complete disagreement with the preliminary triclinic cell proposed by Borgna et al. (1989) . No relation between this triclinic cell and the present one could be found. Moreover, excluding their first weak reflection at 8.055 Å, we were able to retrieve our monoclinic cell from the application of TREOR on the 20 next lines, however the c parameter was halved and the figures of merit were poor (M 20 = 11 and F 20 = 19 (0.024, 46) ).
In the 10-90°(2θ) angular range, a total of 852 structure factors ('|F obs |') were extracted by the method of iterating the Rietveld (1967 Rietveld ( , 1969 decomposition formula (Le Bail, 1988a with the ARITB program (in the 90-120° range, the pattern was almost flat and very noisy in spite of the long measuring time, this range was excluded). Used as well as for synchrotron (Morris et al., 1992) or conventional X-ray data, this '|Fobs|' extraction procedure has led to more than 50 ab initio structure determinations. It was not included as option in other Rietveld-derived softwares than ARITB before 1989 (GSAS, MPROF, FULLPROF).
Then, the Patterson method (SHELXS-86 program, Sheldrick, 1986 ) allowed the location of two palladium and two chromium atoms from a reduced data set (271 reflections selected because they had no neighbouring reflection at less than 0.04°(2θ)). Atomic scattering factors (for neutral atoms) and anomalous dispersion terms were taken from the On the powder pattern, the full width at half maximum (FWHM) is minimal at 14° (2θ) with 0.158° and reaches 0.390° at 90°(2θ). Such values indicate considerable size and/or microstrain broadening effects because the FWHM measured with the same experimental conditions on a well crystallized standard (quartz) is minimal at 45°(2θ) with 0.091° and takes a value of 0.117° at 90°(2θ). The quality of the fit with a standard Rietveld treatment (R P < 10%) is an indication that line-broadening intrinsic to the sample is nearly isotropic. X-ray data for the palladium tetrammine dichromate are given in Table 1 . The failure of the previous study to identify the correct cell could be due to the fact that, up to 40°(2θ), reflections with l odd do not exceed 2.7% of the most intense and none was located by Borgna et al. (1989) .
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Moreover, reflections with k odd are also very weak (less than 6% of the most intense), few are listed in the 39-1422 and 40-1486 JCPDS files. A total of 96 reflections should have been observed in this range, the EVA Socabim automatic peak search option detected 41 of them.
On these data, the figure of merit after indexing is F(41) = 39 (0.0094,96).
No PDF card was given in the form presented in 'Observed' intensities are also biased in the Rietveld method because they are obtained by a partition of the raw data according to the calculated intensities (i.e. two superposed reflections are given 'I obs ' values in the same ratio as the I calc ones, whereas the sums of these observed or calculated intensities may be different). In spite of these disadvantages, 'I obs ' are of great value. The R B factor is calculated from them compared to the I calc and they allow to perform more or less efficient Fourier difference syntheses. It is suggested here for the first time that best 'I obs ' for Fourier difference map would even be obtained after a few iterations of the Rietveld decomposition formula instead of one application at the last refinement cycle.
Finally, this paper gives at least the 50th demonstration that 'I obs ' extracted by iterating the Rietveld decomposition formula are sufficiently well estimated to attempt a successful structure determination by the direct or Patterson methods.
Discussion
The diffraction pattern plot is shown on Fig.1(a,b,c) . Residual errors appearing at low angles in the profiles are due to difficulties in reproducing their asymetry. On another hand, having not located hydrogen atoms is certainly the cause of residual errors on intensities. The atomic coordinates and thermal parameters are reported in Table II . Selected interatomic distances and angles are listed in Tebbe & Freckmann, 1982) . Because the hydrogen atoms were not located and the NH 3 groups were not included as rigid body with constraints in the refinement, an hypothesis to explain such long Pd -N distances would be that we could have located the NH 3 electronic gravity center. Argument favouring this hypothesis is the fact that negative isotropic B factors were obtained for the N atoms when refined separately from those of the O atoms.
Such an observation was made for N atoms belonging to NH 4 groups in several studies from powder diffraction data in which the H atoms were not located. For instance, this effect was observed for α-and β-(NH 4 ) 2 FeF 5 (Fourquet et al., 1989) and for (NH 4 )VO 2 (HPO 4 ) (Amorós et al., 1988) . As in these studies, the missing electron density was tentatively reproduced by allowing the N occupation factor to be refined, whereas the temperature factor was constrained to be that of the oxygen atoms. In the previous EXAFS study (Borgna et al., 1989) , the Pd atom was found coordinated to 4 ± 0.2 N atoms located at 2.05 ± 0.01 Å. The EXAFS curve at the Cr K-edge was modeled with 4 ± 0.2 oxygen atoms at 1.52, 1.56, 1.81 and 1.90, all ± 0.01 Å from the Cr atom. In our study, there are two sites for both Pd and Cr atoms, and we cannot claim such a precision on the distances. However, we access to the tridimensional arrangement. Also, a difference exceeding 10% is now evident between our calculated density (Table 2 ) and the previous measured value (D m = 2.29 ± 0.01).
The crystal structure viewed along the a-axis, is shown in Fig.2 (Blum, Averbuch-Pouchot & Guitel, 1979 ; Wilhelmi, 1967) . The only evident relation is that in all three compounds, the two CrO 4 tetrahedra of a Cr 2 O 7 group point in almost the same direction, in a semieclipsed configuration (about 30° in the palladium compound).
Conclusion
A new demonstration of the powerful powder diffraction methodology for material characterization is made by the ab initio structure determination of [Pd(NH 3 ) 4 ]Cr 2 O 7 . Due to line-broadening intrinsic to the sample, the high resolution provided by a synchrotron source would not have been more decisive. This result shows that conventional powder diffraction has still some future either with or without the presence of the α 2 doublet component. * the N occupancy factor was refined to 1.19(1) to take account empirically of the H atoms. # three B factors were refined : one for Pd atoms, one for Cr atoms and one for N and O atoms § the discrepancy factors are the conventional Rietveld ones (calculated after background subtraction and from "peak-only" ranges for R p and R wp ). 
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